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MODULE AND METHOD OF
MANUFACTURING MODULE

This 1s a continuation of International Application No.
PCT/IP2018/022700 filed on Jun. 14, 2018 which claims
priority from Japanese Patent Application No. 2017-120160
filed on Jun. 20, 2017/7. The contents of these applications are
incorporated herein by reference 1n their entireties.

BACKGROUND

Technical Field

The present disclosure relates to a module and to a method
of manufacturing a module.

Heretofore, a technique of forming external connection
terminals by arranging substantially spherical electrically
conductive support columns on a substrate has been known.
For example, as illustrated 1n FIG. 7, a module 100 disclosed
in Patent Document 1 1s configured such that a substantially
spherical electrically conductive ball 105, which 1s electri-
cally connected to an electrode pad 102 via a wiring line
104, 1s formed on a semiconductor chip 103, which 1s
equipped with the electrode pad 102 which 1s formed on a
main surface of a semiconductor substrate 101. A resin layer
106 15 formed on the semiconductor chip 103 such that a top
part of the electrically conductive ball 105 1s exposed, and
an external connection terminal 107 composed of solder 1s
provided on the top part of the electrically conductive ball
105, which 1s exposed from the resin layer 106. In the
thus-configured module 100, a support column, which 1s for
connecting the wiring line 104 and the external connection
terminal 107 to each other, can be formed i1nside the resin
layer 106 by arranging the electrically conductive ball 105
at a prescribed position on the wiring line 104 and thus a
support column having a desired height can be formed 1n a
very short period of time compared with the case where a
support column 1s formed using a plating method.

Patent Document 1: Japanese Patent No. 4626008 (refer
to paragraphs 0023-0025, FIG. 6, etc.)

BRIEF SUMMARY

However, 1n the case where the external connection
terminal 107 1s provided on the top part of the electrically
conductive ball 105 as described in Patent Document 1,
there 1s a problem 1n that reliability and mechanical strength
are degraded due to the connecting portion between the
clectrically conductive ball 105 and the external connection
terminal 107 having a constricted shape when the module 1s
mounted on a mother substrate. In addition, there 1s a
problem 1n that the top part of the electrically conductive
ball 105 1s flush with the resin layer 106 and it 1s necessary
to provide the external connection terminal 107 composed of
a solder ball as a bump when connecting the module to a
mother substrate and therefore the number of manufacturing
steps 1s 1increased and there 1s a problem that 1t 1s diflicult to
realize a reduction 1n height due to the external connection
terminal 107 composed of a solder ball being placed on the
resin layer 106.

The present disclosure provides a module having
improved reliability and mechanical strength by forming
external connection terminals not having a constricted shape
using solder balls.

The present disclosure provides a module that includes: a
substrate; a connection electrode that 1s provided on one
main surface of the substrate; a first component that 1s
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2

mounted on the one main surface of the substrate; an
external connection terminal that 1s composed of a solder
ball and 1s disposed on the one main surface of the substrate
with the connection electrode interposed therebetween; and
a sealing resin layer that 1s provided on the one main surface
of the substrate and seals the one main surface of the
substrate and the first component. Part of the external
connection terminal 1s exposed from an opposite surface of
the sealing resin layer that 1s on an opposite side from a
facing surface of the sealing resin layer that faces the one
main surface of the substrate, a height of the external
connection terminal from the one main surface of the
substrate 1s larger than a height of the sealing resin layer
from the one main surface of the substrate, there 1s a gap
between the external connection terminal and the sealing
resin layer, and a facing surface of the sealing resin layer,
which surrounds the external connection terminal, that faces
the external connection terminal 1s a curved surface that
forms a curved line 1n a cross section perpendicular to the
one main surface of the substrate.

With this configuration, the external connection terminal
1s formed of a solder ball and has a shape that 1s not
constricted, and therefore the mechanical strength and reli-
ability of the external connection terminal can be improved.
In addition, since the external connection terminal 1s formed
of solder, high positional accuracy can be realized for the
external connection terminal due to a self-alignment eflect
that occurs when a reflow process 1s performed. Further-
more, since the solder ball has a shape so as to be exposed
and protrude from the sealing resin layer, there 1s no need to
perform plating on a terminal part and the manufacturing
cost can be suppressed.

In addition, the load corresponding to stress acting 1n a
horizontal direction in the substrate 1s dispersed due to the
facing surface of the sealing resin layer, which surrounds the
external connection terminal, that faces the external connec-
tion terminal being a curved surface that forms a curved line
in a cross section perpendicular to the one main surface of
the substrate compared with the case where the facing
surface 1s a curved surface forms a straight line 1n the cross
section, and therefore the occurrence of peeling off can be
suppressed.

In addition, the external connection terminal may be
formed of one solder ball. In this case, since the solder ball
has a shape that 1s round and protrudes from the sealing resin
layer, the solder ball can be used as 1t 1s as a bump when
mounting the module on a mother substrate.

In addition, the external connection terminal and the
sealing resin layer may not touch each other at all. In other
words, the external connection terminal 1s not in direct
contact with the sealing resin layer. In this case, due to the
solder ball and the sealing resin layer not touching each
other, stress arising from a difference 1n thermal expansion
coellicient between the solder and the resin can be reduced
and the occurrence of cracks in the solder ball can be
suppressed.

Furthermore, part of the first component may be exposed
from the opposite surface of the sealing resin layer. In this
case, a low profile can be realized for the module.

A surface of the first component that 1s exposed from the
opposite surface of the sealing resin layer may be flush with
the opposite surface of the sealing resin layer. In this case,
a low profile can be realized for the module.

In addition, a second component may be mounted on
another main surface of the substrate. In this case, the
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mounting area can be increased by also mounting compo-
nents on the other main surface of the substrate and freedom
of design can be improved.

In addition, the present disclosure provides a method of
manufacturing a module, the method including: a step of
mounting a component and a solder ball on mounting
clectrodes on one main surface of a substrate; a step of
heating the substrate in a reflow furnace and fixing the
component and the solder ball to the substrate; a step of
stacking a sealing resin layer that seals the component and
the solder ball on the one main surface of the substrate; a
step of performing grinding on part of the solder ball and an
opposite surface of the sealing resin layer that is on an
opposite side from a facing surface of the sealing resin layer
that faces the one main surface so that the solder ball 1s
exposed from the opposite surface of the sealing resin layer,
and a step of reheating the substrate 1n a retflow furnace so
that a height of the solder ball from the one main surface of
the substrate becomes larger than a height of the sealing
resin layer from the one main surface of the substrate.

In this case, when the solder ball 1s exposed by subjecting,
the sealing resin layer to grinding and a heat treatment 1s
then performed 1n a reflow furnace, the solder ball changes
into a spherical shape and protrudes from the ground surface
of the sealing resin layer due to the surface tension and the
solder ball can be used as a bump. Therefore, there 1s no
need to form a bump for connecting the module to a mother
substrate once more. In addition, since the solder ball 1s
mounted as an external connection terminal, there 1s no need
to perform plating and therefore abnormal precipitation of
plating does not occur, and a module having high reliability
and mechanical strength can be manufactured.

According to the present disclosure, a module having high
reliability and mechanical strength can be provided and a
low profile can be realized for the module.

BRIEF DESCRIPTION OF THE SEVERAL
VIEWS OF THE DRAWINGS

FIG. 1 1s a sectional view of a module according to an
embodiment of the present disclosure.

FIGS. 2A-2C are enlarged sectional views illustrating an
example of a method of mounting a solder ball of the module
in FIG. 1.

FIGS. 3A-3E are diagrams illustrating steps of manufac-
turing the module 1n FIG. 1.

FIGS. 4A and 4B are diagrams illustrating steps of
manufacturing the module 1n FIG. 1.

FIGS. 5A-5C are diagrams illustrating a step of mounting,
the module 1n FIG. 1 on a mother substrate.

FIG. 6 1s a diagram for describing the shape of a sealing
resin layer around a solder ball.

FI1G. 7 1s a diagram 1llustrating a module of the related art.

DETAILED DESCRIPTION

A module 1 according to an embodiment of the present
disclosure will be described while referring to FIGS. 1 and
2. FIG. 1 1s a sectional view of the module 1 and FIGS.
2A-2C are enlarged sectional views 1llustrating examples of
methods of mounting a solder ball of the module 1.

As 1llustrated 1 FIG. 1, the module 1 according to this
embodiment includes: a substrate 2; a plurality of compo-
nents 3 that are mounted on an upper surface 2a of the
substrate 2; a component 4 that 1s mounted on a lower
surface 2b of the substrate 2; a plurality of solder balls 3 that
are mounted on the lower surface 26 and serve as external
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4

connection terminals; sealing resin layers 6a and 65 that are
stacked on the upper surface 2aq and the lower surface 25 of
the substrate 2 and seal the substrate 2, the components 3,
and the component 4; and a shield film 7 that covers a side
surface and an upper surface of the module 1. The module
1 1s mounted on a mother substrate (not 1llustrated) via the
solder balls 5.

The substrate 2 1s for example formed of a low-tempera-
ture co-fired ceramic, a glass epoxy resin, or the like and via
conductors (not 1llustrated) and various wiring electrodes
(not illustrated) are formed 1nside the substrate 2. In addi-
tion, connection electrodes 8, which are for providing con-
nections to the plurality of components 3, the component 4,
and the solder balls 5, are formed on the upper surface 2a
and the lower surface 26 of the substrate 2. The substrate 2
may have a single layer structure or a multilayer structure.

The components 3 (corresponding to a “second compo-
nent” of the present disclosure) for example consist of
semiconductor elements formed of Si1 and so forth and
clectronic components such as chip capacitors, chip induc-
tors, chip resistors, chip antennas, and so forth. The com-
ponents 3 are sealed by the sealing resin layer 6a.

The component 4 (corresponding to a “first component”
of the present disclosure) 1s a semiconductor component
such as a semiconductor element formed of Si1 and so forth
and 1s mounted on the lower surface 26 of the substrate 2.
The component 4 1s sealed by the sealing resin layer 65, but
part of the component 4 may be exposed from a surface 605
of the sealing resin layer 65 (corresponding to an “opposite
surface that 1s on an opposite side from a facing surface that
faces the one main surface” of the present disclosure).

The solder balls 5 are mounted on the lower surface 2b
(corresponding to “one main surface” of the present disclo-
sure) of the substrate 2 and are connected to the connection
clectrodes 8 on the lower surtface 2b. Furthermore, part of
cach solder ball 5 1s exposed and protrudes from the surface
605 of the sealing resin layer 65 and the parts of the solder
balls 5 that are exposed from the surface 606 of the sealing
resin layer 66 function as external connection terminals
when the module 1 1s mounted on a mother substrate. In
other words, the heights of the solder balls § from the lower
surface 2b of the substrate 2 are larger than the height of the
sealing resin layer 66 from the lower surface 26 of the
substrate 2 and part of each solder ball 5 1s shaped so as to
protrude from the surface 6056 of the sealing resin layer 65b.
The module 1 can be connected to the mother substrate by
connecting the protruding parts of the solder balls 5 serving
as bumps to electrodes on the mother substrate. Further-
more, there are gaps 9 (corresponding to “‘gaps™ of the
present disclosure) between the solder balls 5 and the sealing
resin layer 6b6. In other words, there are places where the
solder balls 5 and the sealing resin layer 656 do not contact
cach other.

In addition, methods of mounting the solder balls § may
include, for example, using an over resist structure 1 which
peripheral portions of the connection electrodes 8 are cov-
ered by a solder resist 10 as illustrated mm FIG. 2A, a
clearance structure 1n which there 1s a clearance between the
connection electrodes 8 and the solder resist 10, 1.e., the
connection electrodes 8 and the solder resist 10 do not
contact each other as 1llustrated 1n FIG. 2B, and the structure
illustrated 1n FIG. 2C. In addition, as illustrated in FIGS. 2A
to 2C, the connection electrodes 8 are electrically connected
to a wiring layer 11. In addition, a facing surface 615 of the
sealing resin layer that faces an outer peripheral surface 50a
of each solder ball 5 1s a curved surface that forms a curve
in a cross section perpendicular to the lower surface 256 of
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the substrate 2. In other words, the facing surface 615 1s
shaped like part of a spherical body has been cut away from
the sealing resin layer 65.

The sealing resin layer 6a 1s provided on the upper surtace
2a of the substrate 2 so as to cover the upper surface 2a of
the substrate 2 and the components 3. In addition, the sealing
resin layer 6b 1s provided on the lower surface 256 of the
substrate 2 so as to cover the lower surface 26 of the
substrate 2 and the component 4. In addition, as illustrated
in FIGS. 2(a) to 2(c), the solder balls 5 are surrounded by the
sealing resin layer 6b. The sealing resin layers 6a and 65 can
be formed of a resin that 1s typically employed as a sealing,
resin such as an epoxy resin contamning silica filler. In
addition, alumina filler can also be used in order to increase
thermal conduction.

The shield film 7 1s for shielding the various electrodes
inside the substrate 2 and the components 3 and 4 from
clectromagnetic waves from the outside and 1s arranged so
as to cover the side surface and the upper surface (surface
60a of sealing resin layer 6a) of the module 1. In addition,
the shield film 7 can be formed so as to have a multilayer
structure including an adhesive film, an electrically conduc-
tive film that 1s stacked on the adhesive film, and a protective
film that 1s stacked on the electrically conductive film.

(Method of Manufacturing Module)

Next, an example of a method of manufacturing the
module 1 of the present disclosure will be described while
referring to FIGS. 3 and 4.

First, as 1llustrated in FIG. 3A, the substrate 2, which 1s
able to have components mounted on the upper surface 2a
and the lower surface 25 thereot, 1s prepared, the connection
clectrodes 8 are formed via printing by applying a solder
paste to the lower surface 25 of the substrate 2, and the
component 4 and the solder balls 5 are mounted thereon.
Instead of mounting the solder balls 3, the solder balls 5 may
be formed by using a technique in which the amount of
solder paste that 1s applied i1s increased and then the solder
paste 1s heated using a reflow furnace so that the solder paste
becomes ball-shaped. Next, the substrate 2 i1s placed 1nto a
reflow furnace and a heat treatment 1s performed, and the
component 4 and the solder balls 5 are fixed to the lower
surface 2b of the substrate 2. Flux washing may be per-
formed after the heat treatment 1n the reflow furnace.

Next, as 1llustrated 1n FIG. 3B, the sealing resin layer 65
1s stacked on the lower surface 25 of the substrate 2 so as to
cover the component 4 and the solder balls 5.

Next, as illustrated 1n FIG. 3C, the surface 605 of the
sealing resin layer 65 1s subjected to grinding until the solder
balls 5 are exposed. At this time, the amount of grinding that
the sealing resin layer 65 1s subjected to 1s adjusted so that
components other than the solder balls 5 do not become
exposed. The height of the sealing resin layer 65 may be
adjusted so that part of the component 4 1s exposed from the
surface 605 of the sealing resin layer 6.

Next, as 1llustrated 1in FIG. 3D, the connection electrodes
8 are formed via printing by applying solder paste to the
upper surface 2aq of the substrate 2 and the components 3 are
mounted thereon. After that, flux 1s applied to exposed
surtaces 5a of the solder balls § at the surface 605 of the
sealing resin layer 60 and a heat treatment 1s performed 1n
a reflow furnace. Flux washing may be performed after the
heat treatment in the reflow furnace.

When the heat treatment 1s performed 1n a retlow furnace,
as illustrated i FIG. 3E, the components 3 are fixed to the
substrate 2 and the solder balls 5 come to be shaped so as to
protrude from the surface 606 of the sealing resin layer 65
due to the surface tension of the solder.
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Next, as 1llustrated 1n FIG. 4A, the sealing resin layer 6a
1s stacked on the upper surface 2a of the substrate 2 so as to
cover the components 3.

After that, as illustrated in FIG. 4B, the module 1 1s
completed by applying the shield film 7 using a sputtering
device or a vacuum deposition device.

After the components 3 have been mounted on the upper
surface 2a of the substrate 2 and the components 3 have been
fixed to the substrate 2 by performing the heat treatment 1n
the retlow furnace, the surtace 6056 of the sealing resin layer
65 may be subjected to grinding, flux may be applied to the
exposed surfaces Sa, and a heat treatment may be performed
once more 1n the retlow furnace.

Here, the series of steps from grinding of the surface 605

of the module 1 up to mounting of the module 1 on a mother
substrate will be described while referring to FIGS. 5A-5C.

The shield film 7 1s not illustrated 1n FIGS. 5A-5C.

FIG. 5A 1s a diagram 1llustrating a state that exists after
the solder balls 5 have been exposed from the surface 6056 of
the sealing resin layer 65 by grinding the surface 605 of the
sealing resin layer 6b. At this time, the surface 6056 of the
sealing resin layer 66 and the exposed surfaces 5a of the
solder balls 5 are formed so as to be flush with each other.
When tlux 1s applied to the exposed surfaces 5a of the solder
balls 5 and a heat treatment 1s performed in a retlow furnace,
as 1llustrated 1in FIG. 5B, the solder balls 5 come to have a
substantially spherical shape and are shaped so as to pro-
trude from the surface 605 of the sealing resin layer 6b. At
this time, the gaps 9, which are parts where the solder balls
5 and the sealing resin layer 66 do not touch each other, are
formed. As illustrated 1n FIG. 5C, the module 1 can be
mounted on a mother substrate 12 by using the parts of the
solder balls 5 that are exposed from the surface 605 as solder
bumps as they are.

Therefore, according to the above-described embodiment,
the external connection terminals of the module 1 are each
formed of one solder ball 5§ and therefore do not have a
constricted shape and the reliability and mechanical strength
can be improved. Furthermore, as a result of the solder balls
5 being used as external connection terminals, high posi-
tional accuracy can be realized for the external connection
terminals due to a self-alignment effect that occurs when the
heat treatment 1s performed 1n a retflow furnace. In addition,
since part of each solder ball 5 1s exposed from the surface
605 of the sealing resin layer 65 and the exposed parts of the
solder balls 5 protrude from the surface 6056 of the sealing
resin layer, the solder balls 5 can be used as external
connection terminals without necessarily performing plat-
ing. In addition, compared with the case where metal pins
are used as the external connection terminals, since a plating
treatment 1s not necessary, abnormal precipitation of plating,
resulting from grinding residue from when the surface 6056
of the sealing resin layer 65 1s subjected to grinding does not
occur. Furthermore, due to the presence of the gaps 9
between the solder balls 5 and the sealing resin layer 65,
stress arising from a difference 1n thermal expansion coel-
ficient between the solder and the resin can be reduced and
the occurrence of cracks in the solder balls 5 can be
suppressed.

In addition, by grinding the surface 606 of the sealing
resin layer 65 until the component 4 1s exposed, a low profile
can be realized for the module 1.

Furthermore, the surface 6056 of the sealing resin layer 65
1s subjected to grinding until the solder balls 5 are exposed
and then flux 1s applied to the exposed surfaces 5a of the
solder balls 5 and a heat treatment 1s performed 1n a reflow
furnace, and as a result the solder balls 5 come to have a
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substantially spherical shape and protrude from the surface
605 and the solder balls 5 can be used as they are as bumps
when mounting the module on a mother substrate.

In addition, the load corresponding to stress acting in a
horizontal direction 1n the substrate 1s dispersed as a result
of the facing surfaces of the sealing resin layer that face the
outer peripheral surfaces of the external connection termi-
nals being curved surfaces that form curved lines 1n a cross
section perpendicular to one main surface of the substrate
compared with the case where the facing surfaces are curved
surfaces that form straight lines in the cross section, and
therefore the occurrence of peeling off can be suppressed. As
illustrated 1n FIG. 6, 1n the case where a facing surface 6151
forms a straight line 1n the cross section, the cross sectional
arca of a sealing resin layer 6561 between Al and Bl
decreases linearly and the cross sectional area of the sealing
resin layer 651 between B1 and C does not decrease. Here,
the rate of decrease of the cross sectional area suddenly
changes at the boundary B1l, and therefore the load 1is
concentrated at B1 and the sealing resin layer 651 1s liable
to peel from the substrate 2 1n the case where stress acts in
the horizontal direction of the module 1. On the other hand,
in the case where a facing surface 6152 forms a curved line
in the cross section as in the above-described embodiment,
the cross-sectional area of the sealing resin layer 6562 does
not decrease linearly between A2 and B2 and the rate of
decrease of the cross-sectional area gradually becomes
smaller from A2 to B2 and therefore there 1s no sudden
change 1n the rate of decrease of the cross-sectional area at
B2. Therefore, a situation in which the load becomes con-
centrated at B2 can be avoided and the occurrence of peeling
ofl of the sealing resin layer 6562 from the substrate 2 can be
suppressed.

The present disclosure 1s not limited to the above-de-
scribed embodiment and can be modified 1n various ways
not described above so long as they do not depart from the
g1st of the disclosure.

INDUSTRIAL APPLICABILITY

In addition, the present disclosure can be applied to a
variety of modules.

REFERENCE SIGNS LIST

1 module

2 substrate

3 component (first component)

4 component (second component)

5 solder ball (external connection terminal)
6a, 60 sealing resin layer

615 facing surface

8 connection electrode claims

The 1nvention claimed 1s:

1. A module comprising;

a substrate;

a connection electrode that 1s provided on one main
surface of the substrate;

a first component that 1s mounted on the one main surface
of the substrate;

an external connection terminal comprising a solder ball
disposed on the one main surface of the substrate with
the connection electrode 1nterposed between the solder
ball and the substrate; and

a sealing resin layer that is provided on the one main
surface of the substrate and seals the one main surface
of the substrate and the first component;
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wherein part of the external connection terminal 1s
exposed from a surface of the sealing resin layer that 1s
opposite from a surface of the sealing resin layer facing
the one main surface of the substrate,

a height of the external connection terminal from the one
main surface of the substrate 1s larger than a height of
the sealing resin layer from the one main surface of the
substrate,

there 1s a gap between the external connection terminal
and the sealing resin layer,

a surface of the sealing resin layer, which faces and
surrounds the external connection terminal, 1s shaped
as a part of a substantially spherical body cut away
from the sealing resin layer and has a circular line 1n a
cross section perpendicular to the one main surface of
the substrate, and

wherein the external connection terminal has a substan-
tially spherical shape and does not have a constricted
shape.

2. The module according to claim 1,

wherein the external connection terminal comprises one
solder ball.

3. The module according to claim 1,

wherein the external connection terminal 1s not 1n direct
contact with the sealing resin layer.

4. The module according to claim 1,

wherein part of the first component 1s exposed from the
surface of the sealing resin layer that 1s opposite from
the surface of the sealing resin layer facing the one
main surface of the substrate.

5. The module according to claim 4,

wherein a surface of the first component that 1s exposed

from the surface of the sealing resin layer opposite

from the surface of the sealing resin layer facing the
one main surface of the substrate 1s flush with the
surface of the sealing resin layer opposite from the
surface of the sealing resin layer facing the one main
surface of the substrate.

6. The module according to claim 1,

wherein a second component 1s mounted on another main
surface of the substrate.

7. A method of manufacturing a module, the method

comprising:

a step ol mounting a component and a solder ball on each
of mounting electrodes, respectively, on one main
surface of a substrate;

a step of heating the substrate 1n a reflow furnace and
fixing the component and the solder ball to the sub-
strate;

a step of providing a sealing resin layer that seals the
substrate, the component, and the solder ball on the one
main surface of the substrate;

a step of performing grinding on at least part of the solder
ball and a surface of the sealing resin layer that is
opposite from a surface of the sealing resin layer that
faces the one main surface of the substrate so that the
solder ball 1s exposed from the surface of the sealing
resin layer that 1s opposite from the surface of the
sealing resin layer facing the one main surface of the
substrate; and

a step ol reheating the substrate 1n a reflow furnace so that
a height of the solder ball from the one main surface of
the substrate becomes larger than a height of the sealing
resin layer from the one main surface of the substrate.

8. The module according to claim 2,

wherein the external connection terminal 1s not 1n direct
contact with the sealing resin layer.
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9. The module according to claim 2,

wherein part of the first component 1s exposed from the
surface of the sealing resin layer that 1s opposite from
the surface of the sealing resin layer facing the one
main surface of the substrate.

10. The module according to claim 3,

wherein part of the first component 1s exposed from the
surface of the sealing resin layer that 1s opposite from
the surface of the sealing resin layer facing the one
main surface of the substrate.

11. The module according to claim 2,

wherein a second component 1s mounted on another main
surface of the substrate.

12. The module according to claim 3,

wherein a second component 1s mounted on another main
surface of the substrate.

13. The module according to claim 4,

wherein a second component 1s mounted on another main
surface of the substrate.

14. The module according to claim 5,

wherein a second component 1s mounted on another main
surface of the substrate.
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